asked why in the first case the diagnosis could not have been one of heemorrhagic nephritis; there was a fairly positive lesion in the upper pole, but apparently the same type of lesion involved other parts of the kidney. Would hIemorrhagic nephritis explain the degree of keratinization over the surface? Sometimes where there was an excess of blood supply there was hyperkeratinization and he could not see why the first case could not have been a case of nephritic hiemorrhage.
heemorrhagic nephritis; there was a fairly positive lesion in the upper pole, but apparently the same type of lesion involved other parts of the kidney. Would hIemorrhagic nephritis explain the degree of keratinization over the surface? Sometimes where there was an excess of blood supply there was hyperkeratinization and he could not see why the first case could not have been a case of nephritic hiemorrhage.
Mr. Hugh Donovan asked what were the chances of a given patient having a tumour after one thorough negative investigation? Having investigated one of these patients with negative results he did not usually investigate him again unless he continued bleeding.
Dr. Thackray, in reply to Mr. Parker, said that the epithelium from the collecting tubule appeared to have extended out over the papilla. The change was confined to the collecting tubules, there was no sign of any nephritis and no indication of inflammation of the kidney. The blood vessels in the other papilke lower down were markedly dilated but there was no rupture.
Mr. Riches, in reply to Mr. Adams, pointed out that they had tried to show that there was no such thing as "essential" hlmaturia. When there was macroscopic bleeding diligent search ought to discover the cause, whether it was an angioma or even a patch of nephritis as Mr. Parker had mentioned. Bleeding could also occur after excessive exercise or from lack of vitamin C, and one did not remove such kidneys.
In the literature he could find only one bilateral case of angioma of kidney, and one of the great difficulties had been to know when to take the kidney out and when not. He had shown one case where he had waited five years and had not yet taken the kidney out. All the circumstances and all the investigations including aortography must be considered, but he would rather not take a kidney out which contained only a minor lesion. At the same time he would rather not leave a kidney behind which was bleeding especially if the patient had passed middle age. It must be remembered, however, that in almost every case exploration meant excision.
Referring to Mr. Mogg's remarks about the vascular changes in pregnancy, if the patient was not bleeding when she came up one had only her word for it that the urine had been -red and that was why cystoscopy during hImaturia was so important.
In reply to Mr. Hugh Donovan: If these patients were to be investigated completely they must be cystoscoped when they were bleeding if at all possible; it was the most conclusive investigation. It might be interesting to know whether these lesions ultimately showcd any change in the X-ray pictures. In one case he had shown, repeated pyelograms had been taken without any change, but if there were any changes they could only be found by looking for them. Some Observations on Ureteric Activity and Their Clinical Sigufficance By L. F. T1NCKLER, F.R.C.S., Ch.M. MUCH of the factual information on urinary tract function concerns the kidney and bladder. Interposed between these two important structures, the ureter occupies a less prominent place in the literature, perhaps in keeping with its humble task of water carrier. However, it is an organ which excites interest. Uncommonly affected primarily, it receives most of its pathological insults second-hand from above or below. It is tolerant of surgical assault and can be incised for stone, sectioned and repaired, transplanted on to skin surface or bowel with apparent impunity to its function. What is its function? To convey urine secreted by the kidney to the bladder. Without this service, the complicated structure and physiology of the kidney would be naught. How is this function achieved? This is the question which I shall attempt to answer in the following account of experimental observations on ureteric activity.
Much speculation and controversy has existed on this subject. Broadly speaking, investigators have come to two divergent conclusions. There are those who regard the ureter as autonomous, functioning with an intrinsic mechanism, apart from nervous control and unresponsive to administered drugs. The other view, diametrically opposite, regards the organ as being under nervous influence and its function susceptible to pharmacological alteration.
The position was such that Trattner, leading a discussion on "The Physiology of the Intact Human Ureter" (Lapides, 1948) said, "This investigation should be carefully reviewed by others for either substantiation, modification or change, for then the weight of incontrovertible evidence will surely indicate the proper direction".
It is remarkable that this statement should be made by such an authority nearly a Sedion of Urology 703 century after Engelmann's classical paper on the ureter in 1869. Investigating the ureter in humans and animals, Engelmann noted a rich network of nerve fibres in the adventitia. He was uncertin as to the exact role played by the innervation, but concluded that peristalsis was carried out on a myogenic basis and that the smooth muscle was a syncytium, propagating impulses for contraction by molecular activity, an entirely intrinsic mechanism. In 1922, Harvey Trattner of Cleveland devised an apparatus which he called a hydrophoro-graph, and whereby he recorded via a ureteric catheter pressure changes in the ureter. By this means he found that ureteric activity was affected by a wide range of factors of such diverse natures as pH of the blood and urine, stimulation of the renal pedicle, change of position, bladder pressure and certain drugs. Repeating these experiments, and using a similar technique, Lapides (1948) entirely contradicted Trattner's findings, and opined that the rate of urine production was the only factor influencing ureteric peristalsis, the stimulus of which was distension of the lumen by urine. Any previously observed effect of drugs on the intact ureter was more apparent than real, being solely due to altering renal filtration rate. Thus he dubbed the ureter as a specialized involuntary organ which was probably autonomous.
That a continuous peristaltic wave mechanism is not the whole story of urine propulsion was indicated by Fuchs (1936) . In his "Cystoid Theory", he considered the ureter to be composed of a number of functionally separate chambers corresponding to a morphological segmentation. With a sphincter interposed, each of these "little bladders" received urine from the adjacent chamber above and forced its contents on to the one below by a detrusor-like contraction. The cystoids were regarded as booster stations for propulsion and the sphincters present to prevent reflux, cystoids and sphincters allegedly being constant. He considered the cystoids to be under nervous control and operated by opening and closing reflexes activated by afferent impulses from the bladder. This theory has been supported by Begg (1946) who accepted the cystoid mechanism as being the only mode of urine transmission in the human ureter and used it to explain the appearances of the organ as seen on intravenous pyelography.
The position is still highly controversial. More recently, Hanley (1953) has made a notable contribution to an understanding of this subject with his method of ureteric electromyography and it is anticipated that excretion pyelography with image intensified fluoroscopy will produce further valuable information.
The observations which I have the privilege to present resulted from three main phases of investigation carried out by Dr. D. W. Gould, Dr. A. C. L. Hsieh and myself, at the University of Hong Kong (1955) . In the first, experimental animals were used. Pressure changes were recorded graphically from the intact ureter and direct observations made of dyed urine passing down the ureters of rabbits. The second phase consisted of a series of experiments conducted on isolated segments of animal ureter. The third was an outcome of conclusions reached from the results of the first two and, in this, bladder pressures were recorded in various postures of human subjects.
THE BEHAVIOUR OF THE INTACT URETER IN ANIMALS
Pressure tracings were recorded from the ureter of dogs. The abdomen of the anesthetized animal was opened and the ureter on one side exposed. Hypodermic needles were inserted into the lumen of the upper, middle and lower thirds of the ureter. Polythene tubing connected the needles to strain gauge manometers and simultaneous pressure records made from the three sites by means of an electronic recorder.
Pressures from the top, middle and lower portions are represented on the record in that order from above down. The peaks in the trace are consequent upon peristaltic action and the manner in which the activity of the ureter varies from time to time is shown in respect to base pressure, peristaltic wave amplitude and frequency.
Despite this variability, study of the recordings revealed that the ureter handles the passage of urine along its lumen in two different ways. In one, the urine is propelled along the length of the ureter without pause, to be discharged into the bladder by a peristaltic wave commencing at the top. In the other, urine is conveyed part way only by peristalsis, which then peters out at an intermediate site. The arrival of aggregates of urine from above then increases the size of the so-called "spindle" until it is carried further on its course by the initiation of fresh peristaltic activity. Distinctive patterns are produced in the tracings by these two modes of urine propulsion and have been designated the "through" and "segmental" patterns respectively.
In the "through" method, each peristaltic wave in the upper portion of the ureter is followed successively by pressure waves lower down and a discharge of urine from the ureteric orifice as signalled on the record by a black dash.
The "segmental" mode gives an altogether different picture. Here peristaltic waves from the top feed urine into the lower portion, giving rise to a progressive increase in base pressure. Further progress of urine is arrested until a level of filling is reached at which peristaltic action is provoked, resulting in an efflux into the bladder. Repetition of Fuchs' experiments confirmed that the ureter handles the passage of urine in two ways, as was deduced from the pressure tracings. Indigo carmine was injected intravenously into rabbits and the dye-stained urine observed passing along the exposed ureter.
UJrine was seen to pass either straight through to the bladder or to become temporarily arrested variously in the top, intermediate or lower portions, separately or in combination.
Such pooling of urine could constantly be produced in the lower ureter by raising bladder pressure. Under such circumstances, the ureter was seen to be continuously distended with urine in the interval between peristaltic waves.
Pooling of urine in the lower segment is explicable on a simple mechanical basis. On raising bladder pressure, the ureter is initially incapable of emptying itself against the increased resistance to ejection. Urine accumulates as a residuum until, by subjecting the ureteral muscle fibres to greater stretch, they are enabled to contract with enhanced vigour and ejection force, in the same way as increased venous filling of the heart results in improved cardiac output.
Segmental activity as manifest by pooling in the upper levels of the ureter can be explained similarly by accepting that ureteric tone is increased when bladder pressure is raised. Greater resistance to the passage of urine will be presented by the tonically constricted lumen impeding progress of urine until pooling occurs to an extent that stimulates more vigorous peristaltic action by stretching the muscle wall.
The fact that anatomical sphincters have never been demonstrated in the ureter lends point to the notion that variations of tone are the basis of segmental function.
That tone exists in the ureter capable of resisting the transmission of back pressure within limits is shown by recording the effect of raising intravesical pressure. Tracings taken from the top and lower portions of the intact viscus reveal that the effect is mainly upon the latter and is reflected either to a lesser extent, or not at all, at the renal end. As this rise of pressure is not communicated to all levels of the ureter, it follows that the intervening lumen must be constricted consequent upon tonic contractions of the muscle wall.
Segmental activity has the attribute of a purposeful mechanism. It exists, most likely, to enable the ureter to work more efficiently against bladder resistance, and is brought about by changes of tone which also protect the nephron from back pressure.
What evidence is there that tone is an entity? and how is it influenced in vivo? Peristalsis is an autonomous function and can be observed taking place in a ureter removed from the body. It can be initiated by any mechanical stimulus distending the ureteric lumen as by injecting fluid or by introducing solid objects such as glass beads.
Tone, on the other hand, is not exhibited by the isolated organ. This was demonstrated by carrying out a simultaneous pressure trace from the usual three sites in an excised ureter perfused with saline. Waves of peristalsis were produced identical with those observed in the intact viscus. Pressures, however, throughout the length of the lumen remained equal, the ureter behaving as a simple open tube between peristaltic waves. Addition of acetylcholine to the fluid bathing the ureter was then followed by a difference of pressure being recorded between the top and lower portions and a tracing similar to that obtained from a ureter in vivo. That a humoral agent of the autonomic nervous system is capable of restoring tonic activity to a ureter severed of all connexions is significant, in view of the rich innervation which it receives from both parasympathetic and sympathetic divisions.
While such innervation could be solely concerned with sensation it is in keeping with experimental observations that it may also subserve the control of tone.
Pursuing the question of autonomic influence, the effect of acetylcholine and adrenaline on isolated ureters was noted. Segments from the upper, middle and lower thirds were mounted in a tissue bath. A kymo ,raphic record was made of their response and the drugs added as required.
Additions of acetylcholine and adrenaline to the bath gave rise to tonic contraction.
Atropine and piperoxan, the antagonists of the stimulating agents, produced a corresponding decrement of tone. The response was greatest in the lower segment and progressively less in the middle and upper portions indicating the presence of a tone gradient in the ureter. The foregone evidence lends support to the notion that the ureter is functionally, as well as anatomically, designed to fulfil its role in the dynamics of the urinary tract and that tone, as distinct from peristalsis, is under the control of the autonomic nervous system.
It is pertinent to enquire why such an elaborate tone mechanism exists at all, as peristalsis alone is apparently adequate to the task of urine propulsion. Resting bladder pressures are commonly supposed to be low, gauged by cystometry as usually carried out. With the subject lying down, values in the region of 10 cm. of water are initially recorded, and increase but little with progressive filling until detrusor activity occurs preparatory to voiding. If tone is required to protect the kidney, whilst enabling the ureter to work against high vesical pressures, then it would seem to exist solely for the relatively short period of micturition.
However, a more active participation for the tone mechanism can be invoked by observing that, in contrast to the low resting bladder pressure of recumbency appreciably higher values are recorded with the subject standing. Thus it is against pressures of this higher order that the ureter has to feed urine into the bladder for the greater part of twenty-four hours.
If such an increment in bladder pressure on standing was due merely to a general increase in intra-abdominal pressure, the ureter would be affected to the same extent as the bladder.
No pressure gradient would be established between the two and the working conditions remain unaltered. This possibility was investigated by simultaneously recording intra-abdominal and bladder pressure from human subjects in various postures. Bladder pressures were recorded via a urethral catheter and intra-abdominal tension from a balloon swallowed into the stomach.
A tilting cradle was used to tip the subject passively into the upright and head down positions.
Tilting feet down into the standing position produced a rise in bladder pressure, accompanied by a fall in intragastric pressure, whilst the reverse was true when the head was tilted down.
This differential pressure change indicates that alteration of posture does not affect the bladder as part of a general change of intra-abdominal tension, for otherwise, vesical and intragastric pressures would vary in the same direction. Rise in bladder pressure on standing is, therefore, an actual increase not shared throughout the abdominal cavity and can readily be accounted for by the weight of the bowel descending on to the bladder fundus.
Summary.-The following brief deductions can be made from this investigation: The ureter is autonomous as far as peristalsis is concerned, but dependent on the autonomic nervous system for the control of tone. Tone is maximal in the pre-vesical portion of the ureter existing to protect the kidney and to enable the ureter to eject against varied bladder pressure as notably obtains when the subject is ambulant.
CLINICAL CONDITIONS AFFECTING THE URETER, DISCUSSED IN THE LIGHT
OF EXPERIMENTAL FINDINGS The Ureter in Hyper-and Hypo-tonus
Hydronephrosis
It is interesting to speculate on the relationship of this concept of ureteric activity to certain conditions popularly believed to be due to functional disorder.
Depending as it does on intricate nervous control, there will be greater opportunity for tone disturbance to occur than in the case of peristalsis. Thus it is conceivable that excess or deficiency of tone might exist to an extent that gives rise to clinically recognizable pathology.
Under normal conditions, tone is present to a degree sufficient to fulfil the role of preventing back pressure on the kidney, but short of the level at which it impedes progress of urine down the ureter. If this balance is shifted in the direction of excess, then the ureter will be unable to accommodate urine at the same rate as it is formed, and relative stasis of urine will take place in the pelvis and calyces which will, in consequence, dilate. This dilatation, by submitting the pelvic musculature to greater stretch, will empower it to contract with increased vigour, to force urine into the ureter. A new balance of function will be achieved at the expense of some dilatation of the calyceal system. If no further increase in ureteric tone occurs, then the case will remain as an example of early hydronephrosis of the nonmechanical type and, at this stage, when still wholly functional, normal contour will be restored if ureteric tone reverts to normal.
However, a progressive increase, or a marked initial excess of tone will lead to a degree of dilatation of the pelvis which will become permanent owing to organic changes in the wall. During this evolution of hydronephrosis, there will be no apparent pathology demonstrable in the ureter, the contour of which will be normal, and which will continue to undergo peristalsis, as this activity is unaffected by the functional disturbance.
Among other theories of etiology of so-called congenital hydronephrosis, obstruction at the pelvi-ureteral junction due to achalasia or spasm is often quoted. However, the existence of a sphincter at that site is not unequivocally proven and it is suggested that non-mechanical hydronephrosis could have its origin in hypertonus of the ureter. The circumstances are comparable to congenital megacolon in which there is a functional derangement of the colon distal to the dilated bowel.
The Chronically Dilated Ureter
Chronic dilatation of the ureter is classified as being either primary-when the causal lesion directly affects the ureter itself, or secondary-when dilatation is the effect of back pressure arising distally. Amongst the former, idiopathic mega-ureter is unique in having no demonstrable ietiology. Usually unilateral, the conditions may be accompanied by other congenital defects of the urinary tract.
Similar idiopathic dilatation of the urinary tract has been described by Innes Williams (1954) as part of the mega-ureter megacystitis syndrome, by which term he referred to cases exhibiting markedly dilated ureters, disturbance of vesical function with a large capacity bladder and atonic musculature, a wide bladder neck and no obstruction. Quite unrelated to Marion's disease there are some similarities to the state of affairs in the neurogenic bladder, with the essential difference that there is no demonstrable disease of the central nervous system in these patients. Svenson et al. (1952) have suggested that the condition is due to a failure of ganglion cell development in the bladder, and support their view histologically. In the absence of manifest obstruction, the mega-ureter megacystitis syndrome must be regarded as a functional disturbance. Svenson's work has given a clue that the cause lies in the intimate nervous control of bladder function. It is tempting to ascribe the dilatation of the ureter in these cases similarly to lack of tone consequent upon defective innervation. Innes Williams noted that the patients had no residual urine but voided large amounts on micturition at intervals less frequent than normal. This observation is an example of the way in which propulsion of urine by detrusor activity is divorced from muscle tone in the same manner in which the described investigations have shown that tone and peristalsis in the ureter are distinct functional entities.
Another example may be cited of the way in which dilatation of the ureter is associated with a congenital bladder lesion without an element of obstruction. Ufreteric dilatation occurs in the condition of ectopia vesicv. The ureters drain freely on to the malformed abdominal wall, development of the bladder being confined to an imperfect trigonal area. On a mechanical basis, there is no clear reason why dilatation of the ureter should exist, but it is interesting to speculate on the role played by innervation of the ureteric tone in the condition. If afferent nervous impulses influencing tone in the ureter do arise in the bladder wall and excite an automatic reflex arc by variations of vesical distension and pressure, then they will be absent in ectopia vesicae for either or both of two reasons. Firstly, owing to the absence of receptor nerve endings in the mal-developed bladder and, secondly, because the permanently ope . . rudimentary bladder is never subjected to distension by accumulated urine.
THE TRANSPLANTED URETER For many years it has been technically feasible to divert the urinary stream into the colon by uretero-colic anastomosis for such indications as total cystectomy for carcinoma of the bladder, the systolic tuberculous bladder and ectopia vesicae. In recent times, dissatisfaction has been expressed about the results of the procedure, the chief bogy of which is ureteral reflux of septic colonic contents with the advent of ascending pyelonephrosis. The importance of a valve mechanism at the lower end of the ureter in preventing reflux has received recognition in some of the operations devised, which provide for an oblique course of the ureter through the wall of the colon simulating the normal uretero-vesical junction. Other procedures by which the ureter is transplanted directly into the colon are liable to stricture formation at the new orifice, unless a mucosa-to-mucosa suture technique is employed, with obstruction to efflux of urine. Whatever method is used, some degree of dilatation of the upper urinary tract appears to be inevitable, and it is pertinent to enquire why this occurs.
There are three factors protecting the integrity of the upper urinary tract under normal conditions.
(1) The flap valve at the uretero-vesical junction.
(2) The ejection power of the ureteral contraction.
(3) The state of tone of the ureteral musculature.
Accepting this, it is clear that any uretero-colic anastomosis that does not provide for a valve removes the first line of defence from a ureter that has to discharge its contents into a viscus capable of developing pressures higher than that with which the other two factors can cope. Further, it can be reasoned that factors 2 and 3 are encroached upon by the method in which the operation is usually performed. Transplantation of the ureter is into the sigmoid colon and, having regard to anatomical disposition and the danger of excessive mobilization of the ureter jeopardizing its blood supply, the latter organ is divided just below the pelvic brim. This excludes the pelvic portion of ureter, which amounts to almost its lower third. It is just this portion of the ureter which exhibits the greatest degree of tone and, having the largest proportion of muscle tissue in its wall, has the greatest propulsive power of the whole organ.
With its three defensive mechanisms assailed, it is perhaps not surprising that dilatation of the upper urinary tract occurs in colonic transplantation and, indeed, appears to be inevitable. THE URETER IN RETENTION OF URINE As seen on intravenous pyelography, the appearance of the upper urinary tract in chronic retention of urine takes one of the three following forms. Common to all is the presence of residual urine in the bladder.
(1) Normal upper urinary tract.
(2) Dilatation of the lower ureter.
(3) Dilatation of the whole upper urinary tract, (a) without ureteric reflux. (b) with ureteric reflux. Wells (1950) said: "How these changes in the upper urinary tract become established is a matter about which we have insufficient evidence to be dogmatic. So far as our evidence goes, it suggests that the intact ureter does not allow fluid to be forced up and it suggests further that in the prostatic subject, once the process starts, there is a preliminary period in which the lower ureter only is dilated. We think it likely that once established, this progresses relatively quickly to affect the whole ureter, including the renal pelvis with the production of hydronephrosis." It is suggested that these changes can be explained on the basis of the foregone experimental observations.
The upper urinary tract is affected in retention of urine by the resistance that the intravesical pressure presents to the ejection power of the ureter. This effect will be conditioned more by the tone of the bladder than by the volume of its contents as, in some cases, enormous quantities of the latter are demonstrable with anatomically intact ureters and kidneys. The reverse is true in a common example susceptible to personal observation as when micturition is socially inexpedient. In this instance, the limits of bladder distensibility have been reached, detrusor tone is high and aching in the loins is added to the hypogastric discomfort of a distended bladder. The bladder contents under these circumstances are not great, compared with the residual urine encountered in chronic retention, but nevertheless the kidney is subjected to back pressure as indicated by loin pain.
When obstruction is gradual in onset and progression, the bladder accommodates itself to an increasing volume of its contents by a lowering of tone, as reflected in the notable absence of vesical discomfort, in spite of a large amount of residual urine. Under these circumstances, intravesical pressure will still be within physiological limits, and the upper urinary tract correspondingly of normal function and appearance, as in type 1.
The question arises-what is the normal appearance of the upper urinary tract? As far as the ureter is concerned an acceptable normal ureterogram consists of a ureter outlined in one or more portions by radio-opaque dye. The commonest sites to be so demonstrated are the top, either in continuity with or separated by a small interval from the pelvic shadow, the mid-section and the pre-vesical portion. Having regard to the two modes of urine propulsion, these radiological ureteric spindles could represent either urine proceeding in a "through" peristaltic manner or pool formation with the ureter acting segmentally.
If pyelography is carried out in retention of urine when the bladder pressure is consistently raised then pool formation and segmental activity in the lower portion of the ureter may be anticipated and this feature will show up on the ureterogram as a dilatation of the lower end. This is precisely the picture described as a type 2 change in the upper urinary tract in chronic retention of urine, but is really a response of the ureter within physiological limits.
The next stage will be reached when the physiological limits of intravesical pressure are passed. The ejection power of the lower ureter will now become embarrassed for the first time and back pressure communicated to the remainder of-the tract. It has been noted that there is no intermediate stage between dilatation of the lower ureter and that of the whole upper urinary tract. This feature accords with experimental observation that the tone gradient in the ureter diminishes progressively from bottom to top. Thus, when back pressure from the bladder surpasses the limits with which the lower ureter can cope, dilatation of the remainder will occur rapidly as a matter of course, its tone being even less than that which has already been overcome below. No intermediate stage will be seen and the pyelographic appearances are those of type 3.
Defence of the upper urinary tract against back pressure is resident in ureteric tone and the uretero-vesical valve. It has been argued that the early stage of type 3 appearance is reached by an "overstrain" of the ureteric tone mechanism and at this juncture there is no need to involve a failure of the uretero-vesical valve.
However, incompetence of the valve does occur, and can be demonstrated by taking micturition cystograms with the urethra clipped. The normal valve does not allow reflux of bladder contents into the ureter. It owes its competence to the obliquity of the intramural ureter and operates by intravesical pressure compressing the ureter against the backing of muscular bladder wall in a state of tone. Failure of bladder tone, which occurs in advanced stages of chronic retention, amounts to a removal of the re,isting wall against which the Mr. H. G. Hanley said he was not convinced about this question of true peristalsis in the ureter, if by peristalsis was meant "a wave of contraction preceded by a wave of relaxation". Mr. Tinckler had said that if the animal was standing or was tilted feet down the bladder pressure was increased. However, if pyelograms were done on human beings while they were tilted head down there was a marked retention of medium in the renal pelvis. If the ureter was watched under the X-ray image amplifier one could see the opaque medium enter the upper ureter, hesitate and perhaps return to the renal pelvis. If the patient was now turned quickly on to his feet the medium appeared to fall out by gravity, and this made him a little suspicious of the problem of peristalsis. The fluid merely appeared to pour out of one spindle into the next one.
With regard to the action of drugs on the human-ureter, animal experiments could be very misleading. The response produced by a drug on an isolated animal ureter could not be repeated in the human being without giving toxic doses. Mr. Hanley had found it impossible to record any electrical or pressure effects on the intact human ureter by giving intravenous morphia or atropine in therapeutic doses, and this applied to most of the other substances which were supposed to affect the ureter.
While Mr. Tinckler's was a magnificent piece of work, he would point out that the organs of the human being behaved very differently from the experimental animal.
Mr. G. F. Murnaghan agreed with Mr. Hanley. During 30 in vitro experiments using segments of excised human ureter, chiefly in the upper segment, he had only once seen true peristalsis arise spontaneously with mild distension. In further experiments with the pig ureter he observed that the only characteristic common to both species was that excised segments were completely autonomous. He thought that the various contractions could be explained simply in accordance with the stretch response of the ureteric muscle. He did not think that the nerve supply or particular changes in pressure or posture were responsible for particular contractions or dilatations. When altering the flow in isolated ureters the contractions were irregular, could spread in either direction and could close down the ureter in segments or exhibit conducted contractions.
He was particularly interested in the kinks which could be seen on still or cine pyelograms. Campbell Begg had explained these as being the result of prolapse of cystoids but the pseudosphincters defining the cystoids could not be demonstrated anatomically. Electrically there was no difference in the contraction which passed down the unsupported part of the ureter and that which passed through the so-called sphincters where there might be a constriction in the fibrous adventitia. He was hoping to show that the difference in contractions as seen in various segments of the ureter might be due to limitations of the stretch response of the muscle by these fibrous constrictions.
The pressures exhibited in Mr. Tinckler's experiments were unduly high; did the rate of flow into the animal bladder, as indicated, correspond to as high an output as 41 litres in twenty-four hours? David M. Davis of Philadelphia had recorded the pressures in the renal pelvis of patients with nephrostomy drainage but apparently normal ureters. He noted that a pressure of 8 cm. of water sufficed to initiate ureteric peristalsis and that the normal pressure varied between 12 and 23 cm. of water.
Mr. D. Innes Williams said that he found when he did some experiments on the rabbit that if the bladder was drained continuously and a diuresis induced the whole ureter was filled: the urine passing through in one continuous stream without much intervention from peri-stalsis. One occasionally saw a pyelogram in which the whole ureter seemed to be filled; he had seen it in children without any obstruction. One knew that in all mega-ureters, provided there was no infection, the peristaltic function was excellent and he did not quite know how one would measure the tone of the ureter.
Mr. Tinckler, in reply, said that Mr. Innes Williams had noted that at times in the experimental animal urine appeared to pour down the ureter which became an open channel from the renal to the vesical end. He had encountered this himself when diuresis had been induced by injecting about 10 c.c. of fluid intravenously into a rabbit and suddenly raising the renal filtration rate. It was suggested, however, that the circumstances in which the ureter opened up completely to contain an unbroken column of urine from top to bottom were not physiological as under normal condition the animal imbibed water for slaking thirst and not to an extent that would produce a renal excretion rate that would be classified as a diuresis. Mr. Hanley had mentioned the apparent unresponsiveness of the ureter to drugs. This was understandable if peristalsis was regarded as the only attribute of ureteric activity. Perhaps one should look to a more cryptic function of the ureteral musculature as being susceptible to the administration of pharmacological agents such as acetylcholine. The humoral agents of the autonomic nervous system, adrenaline and acetylcholine, could consistently produce tonic contractions in an isolated preparation severed of all connexions but had no effect on peristaltic movement. Other drugs under the same experimental conditions had no action in stimulating tonic contraction. In other words the ureter appeared to be rather particular about the drugs to which it was prepared to respond.
In answer to Mr. Murnaghan's enquiry as to the urinary output in the experimental animals, the figure of 44 litres in twenty-four hours, which Mr. Murnaghan had deduced from the records Mr. Tinckler had shown was incorrect, as the data disclosed pressure only in absolute units.
Splitting the Kidney for Staghorn Calculus
By RAYMOND HELSBY, F.R.C.S.
Department ofSurgery, University ofLiverpool
."THE patient who has once had staghorn calculi requires urological supervision for life, and the length of that life may be peculiarly dependent upon the judgment of the physician"so wrote an American urologist recently. Many surgeons have seen patients with large bilateral branched renal calculi who nevertheless may live to a ripe age with minimal symptoms and minimal disturbance of their everyday life. Priestley and Dunn (1949) reviewed a series of 382 patients with branched calculi and found 40 % had bilateral disease. A large proportion of these patients were dead ten years after the stones were first detected. A recent spate of papers on the metabolic factors which may lead to renal calcification or calculus formation has made surgeons everywhere keen to find such a cause. Unfortunately, in these cases of extensive calculus disease, careful investigations usually fail to throw any light on the problem. One should be at pains, however, to exclude the presence of a parathyroid tumour, and serum calcium and phosphorus estimations should be carried out in all cases of renal lithiasis.
In the absence of any demonstrable endocrine or metabolic disorder treatment can be of two types-removal of the stone or the institution of a regime to arrest further calculus formation. Such a regime must be directed towards reducing the urinary crystalloid concentration, increasing the protective or stabilizing substances (whatever they may be) and controlling infection. Priestley showed, however, that the survival rate following diagnosis was higher for those treated by operation than for those treated conservatively. Such groups must of necessity be pre-selected to some extent since patients with advanced renal failure would not be accepted for operation.
What operation are we to do? When the extra-renal pelvis is large and the branches of the stone are so formed that it can be extracted through the renal pelvis without extensive trauma, then pyelolithotomy is the operation of choice. Usually, however, an enlarged bulbous end to at least one branch of the calculus makes extraction impossible through the pelvis. If one resorts to fragmentation of the stone some small piece may escape removal and provide a nucleus for further stone formation. Extensive nephro-lithotomy tended to fall into disrepute because of the high incidence of complication-particularly haemorrhage and sepsis. These complications not infrequently led to a subsequent nephrectomy. Extraction of a large calculus by nephro-lithotomy is a traumatic procedure and small fragments of stone may be left behind. For the large unilateral calculus nephrectomy is often done-but this is surely a bad policy since nearly 40 % of these patients develop stones in the opposite kidney. If the kidney be deliberately and completely split in two, and opened out like a book-extraction of a staghorn calculus becomes a relatively simple matter and the
